The main purpose of this paper is to analyze the influence of different turbulence flow models on scouring pit of bridge-pier. Flow-3D software is applied in line with the purpose. The key motivation for this study is to contribute to the Flow-3D software by means of some modification and adjustment in the sediment scour model and shallow water model. An assessment of turbulence model adopted with the parameters of the Melville experiment to estimate the maximum scour-depth was performed. In the simulation results, the alternate eddy formation and shedding were repeated while the Karman vortex street formed behind the pier for the large eddy simulation LES turbulence model is more realistic in the flow phenomenon. The results of the scour development of large eddy simulation (LES) turbulence model were found to be more satisfied than the Renormalized group (RNG) turbulence model and close to the prior experiment results. The simulated scour results were significantly different with the observed data collected from previous literature in the reason of some unsuitability of meshing method in Flow-3D software.
Introduction
Pier, an important part of multi-span bridge, is very important for the safe operation of bridges. In the river, due to the high-velocity flow, the riverbed near the bridge abutment will be seriously scoured, and it also reduces the buried depth of the foundation of bridge piers, leading to the collapse of the bridge and even the loss of life and property. It is generally caused by the interference of structures with river flows and characterized by the formation of a scour hole around the piers of bridges. Even though a great deal of time, money, and efforts have been invested to predict bridge scour for an early disaster warning, it is still difficult to accurately analyze the scour development at piers, especially in the three-dimensional space. Therefore, it is necessary to make an accurate prediction of local scour of bridge piers. A series of investigates have been carried out for the development of local scour of bridge piers [1] [2] [3] [4] . Rechardson (2014) have addressed the problem of bridge failures and nearly 60% of bridges collapses are caused by the scouring and the deficiencies of hydraulic [5] . The collapse of a pier is caused by erosion of a gravel layer of the river channel and local scour at bridge pier that conducts a large scour of the river bed [6] . The Shuang-Yuan Bridge, in Taiwan, constructed in early 1970 but failed during a flood event in 2009 [7] . Therefore, the study about the mechanical process of the bridge-scoured under flood condition and the development of an accurate safety evaluation method was proposed [7] [8] .
Mostly, characterize of scouring around the piers can be observed in three different types such as the local, general and contraction scour [9] . For a better prediction of local scour, three-dimensional hydrodynamic models and integrated sediment transport algorithms were developed [10] . Scour mechanism, scour depth and flow structure were performed on many field observations and experimental investigations [11] . Moreover, the designers take seriously on the problem of scouring around the bridge for safe and economical design [12] . Consequently, in the hydraulic engineering sector, numerical modeling is one of the most important features to realize about flow field characteristic and sediment scour development before construction of the hydraulic structure (e.g. bridge, spillway, and dam construction). For example, several studies proposed ANSYS Fluent model to predict the local scour around bridge-pier [8] [13] [14] [15], which gives an acceptable agreement in the scour simulation with the experiment. Otherwise, SSIIM software used to exam the scour near the abutment in the different shape [16] , which exposes an important software to simulate the bridge-pier scour. Boujia (2017) has proposed a numerical model, namely, Code-Aster software to investigate the problem of bridge failure [17] . In addition, Flow-3D was used to simulate the local scour, which is one of the useful software for hydraulic engineering design and give a significant association between the simulation and experiment [18] [19] [20] [21] . A more comprehensive description can be found in an investigation of the flow field in the local scour by using the RNG ( k ε − ), which leads the flow velocity to overestimate near the bed [22] . However, several studies showed a significant result in the flow field investigation by proposing the RNG ( k ε − ) turbulence model [23] [24] . Moreover, with the numerical modeling, large eddy simulation (LES) turbulence model was proposed to investigate the local scour in various structures [24] [25] .
An investigation of flow field and bed-load deformation around the cylindrical has been proposed by [26] . The present study, however, is significant for the ap-World Journal of Engineering and Technology plicable of the turbulence flow models; and the modification and adjustment in the sediment scour model; and the Shallow water flow model in reason to make an accuracy prediction the scour development around bridge-pier in the Flow-3D software. Although there are more software packages proposed to estimation the sediment scour around the bridge-pier, it is still a limited study by using Flow-3D software.
The objective of this research is to perform an assessment of turbulence model with the available bed-load transport rate equation on bridge-pier scour by using Flow-3D. In addition, the reference materials of the Melville experiment were used to design in the model. The Reynolds Average Navier-Stokes equation, which is the basic governing equation, is used in the model based on the transient to predict the interval stress related with the exception of turbulence parameterization [27] . In addition, this works used two options of turbulence model in the simulation, namely, Renormalized group and large eddy simulation turbulence model. In the process of assessment, the verification of the flow field, scour depth and scour shape were proposed in this study.
Numerical Model

Flow Field Simulation
The Reynolds-Averaged Navier Stokes (RANS) equations solved in the hydrodynamic model. The Volume of Fluid (VOF) is a typical model to track the water surface for solving the nonlinear Navier-Stokes equation in 3D flow, and especially for applying on the liquid motion [28] . Furthermore, it was used to investigate the vortex in a box test to calculate the volume tracking algorithm [29] . Xiaofeng (2008) presents a new approach of VOF scheme to diminish the computational time [15] . In addition, the FAVOR method is used to figure out the zone of flow obstacles and demonstrate the boundaries of the domain [15] .
Reynolds Average Navier-Stokes (RANS)
The RANS equations are given as 
Turbulence Model
In Flow-3D modeling, the turbulent flow model has five schemes: Large Eddy Simulation (LES), Renormalization-Group (RNG), the two-equation ( k ε − ), one equation turbulent energy (k), and Prandtl's mixing length theory [30] . The RNG and LES turbulence model were used to perform the CFD via Flow-3D World Journal of Engineering and Technology model.
1) Renormalized group (RNG) model
The RNG is reformed to develop a two-equation k − ε model in many years later [31] . The k ε − model, which is the important key to predict the effects of turbulence, is the foundation principle to observe Reynold's stress comparably as the viscous stress. Based on the Boussinesq approximation, the turbulence eddy viscosity ( ) t υ is the key to solve the turbulence equation.
where C µ = an empirical coefficient; k and ε = turbulence kinetic energy and dissipation, respectively.
In the standard k ε − turbulence model, both k and ε are determined by
Equations (4) and (5) 
where 1 perform as [30] ( )
where c = constant (0.1 -0.2), L = the length scale and ij e = the strain rate tensor components.
Sediment Scour Model
The development empirical model must be used to simulate the flow dynamics of the specified sediment grain. In Flow-3D modeling, two states need to consider are suspended and packed sediment which packed sediment replace in the form of bed load transport [30] [32] . The Solusby-Whitehouse equation is used to calculate the critical Shields parameter.
The dimensionless parameter T is computed by
where µ = the dynamic viscosity of fluid, s ρ = the fluid density, d = the particle diameter, and g = the acceleration of gravity.
Equation (8) 
In the natural, the bed of the river is not flat. For sloping surfaces case, the critical Shields parameter is modified related to the angle of repose [34] : The local bed shear stress is computed through the below formula:
where θ = the Shield parameter, d = the particle diameter.
Sediment transport rate is one of the key criteria to estimate the scour and it shows as the volume of sedimentary material. Bed load transport is the processing of rolling over the surface of the sediment packed bed. A correct prediction of sediment rate is a key factor in the improvement of scour depth prediction. In some cases, modification of sediment transport equations leads to a more accurate prediction of scouring phenomenon [35] [36]. In the Flow-3D, the dimensionless bed load transport rate of sediment can be applied through the Equation (12).
• Meyer-Peter and Müller [37] ( )
The volumetric bed-load transport rate ( b q ) is applied through the below equation:
In addition, the drag force coefficient for bottom shear stress is used in the Shallow water flow, which is one of physics in Flow-3D [30] . The Shallow water flow is applied in case turbulent associate with the one-fluid. Equation (14) 
Experiment Setup
The result of Melville (1975) The proposed simulation method was used to simulate the scouring behavior adopted with the procedure and materials of Melville experimental. The flow field around the pile has no effect if the distance from the inlet to the pile center is 12d [40] . Therefore, the geometry was set as 45d (2.286 cm); 30d (1.524 cm)
for the whole length and distance from the pile center to upstream, respectively.
In the simulation, the grid spacing plays as a key point [21] . Therefore, a more-refine element was meshed around the pile and riverbed for making a better observation of the scour development. In the simulation, the mesh size was set 0.5 cm for the refined places and 1 cm elsewhere [14] . Two mesh planes (x and y directions) were set around the pier to increase the model accuracy and two blocks were built at the inlet and outlet of the channel to prevent upward movement of sediments at the upstream. Figure 1(b) shows the boundary condition in scour model establishment which set the specified velocity at the inlet, outlet and the top with specified pressure, and the right and left sides, and the bottom with the wall.
Results and Discussion
Flow Field Verification
After 5 minutes of running the calculation, the simulation of depth average velocity around the cylindrical is illustrated in Figure 2 . Through the simulation, it can be observed that the red colors in both beside of cylindrical of both cases (RNG and LES turbulence model) have the highest velocity, while the blue color at the downstream behind the pier has the lowest velocity. The simulation results are consistent with [41] which reported at the downstream of the pier, the longitudinal velocity is negative viewing the flow towards the surface of the water.
The streamwise velocity changes to positive and thus increases but decreases in-World Journal of Engineering and Technology ward the scour hole. Wake vortex is the main point to consider before bridge construction [39] . There is no vortex shedding behind the pier in Figure 2 where the red colors can be noted in Figure 2 . Significantly, the depth-averaged velocity is almost stable around 0.25 m/s at the front of the pier, but it is slightly decreased at the downstream behind the pier where it can be noted the blue color in Figure 2 .
In the other way, Figure 3 Figure 4 shows the flow velocity distribution diagrams on both sides of the vertical flow direction of the RNG and LES turbulence model, respectively. It can be observed that at the initial time (t = 0 s), due to the existing of the pier, the increased the flow velocity on both sides of the pier could be due to turbulence features around the pier, especially the increase of the bottom flow velocity, causing the shear stress of the bed surface. Moreover, in the time of the sand surface exceeds the shear stress, the scouring occurs. The water flows down on behind the pier at the upstream surface to form a vortex. At t = 600 s, the whirlpool, the horseshoe vortex around the pier was developed, and the scouring depth increased. The vortex on both sides of the pier further developed and the scouring further intensified at t = 1200 s, but it will gradually be stabilized at t = 1800 s. Through the above analysis, the scouring around the pier is related to the rolling of the water flow on both sides. The development of the scouring promotes the further development of the scouring pit and the whole process. Based on the simulation running, it can be noted that the scouring of both RNG and LES turbulence model in the early stage is fast but the scour depth development in LES turbulence model is deeper than RNG turbulence model. In the equilibrium scour model, the scour depth development is plotted in Figure 5 . It shows the scour developed rapidly in the first 7 minutes, which the shear stress extremely exceeds the corresponding critical shear stress and it led to scouring the space around the pier. The scour depth developed strongly at the start point of time but it developed slowly in the late period.
Verification of Scour Depth Prediction
By using the same experimental conditions provided by the Melville, the maximum scour depths are 3.06 cm and 3.46 cm simulated by using RNG and LES turbulence model, respectively, by proposing the Flow-3D model, but it was 4.00 cm in the experiment [39] . In the discussion above, the flow field in the simulation is almost the same as in experiment result but the value of and Figure 6 (b). To investigate the vortex strength in Figure 2 , the development of scour depth by using LES turbulence model is better than the RNG turbulence model. This is in agreement with previous results [45] , which the scour shape of the experimental data and LES turbulence model ushers in a significant phenomenon. Although the large eddy simulation can accurately simulate the sediment scour in front of the pier, there are still high computing resources and large calculations. In addition, the downstream mound of the fine sand in both cases of the simulation shows a good similarity with the Melville experiment result as seen in Figure 6 (c) [39] . 
Scour Shape Verification
Summary and Conclusions
Flow-3D, one of the CFD models, is applied in this study. In addition, two options of turbulence model (RNG and LES turbulence model) with the Meyer-Peter sediment transport model are used to simulate the bridge scour adopted with the parameters of Melville. The verification of flow field is acceptable with the Melville experimental result, whereas the alternate eddy formation and shedding are repeated and the Karman vortex street is formed behind the pier in the simulation of LES turbulence model. Therefore, the flow phenomenon behind the pier is more realistic. The limitation of the applied mesh method in Flow-3D software has influenced the results, which are found to be under the prediction. Nevertheless, the development of the scour depth with LES turbulence model is obviously more significant than RNG turbulence model and close to the experiment value. Although the large eddy simulation can accurately simulate the sediment scour in front of the pier, its application will be more extensive with the development of computer technology. Further studies may focus on two main points to improve the sediment scour simulation in Flow-3D modeling to develop the mesh method and to apply the sediment transport model by using the own code-writing.
